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ABSTRACT 

This study was undertaken to measure e 
expression as mediated by *the autoiati^ nervous system 
and during ^her tasks related to school work. Subject 
research were eight normal readers, reading above the 
on the Davis Reding Test Porm 1-i, used as a, control 
sixteen abnormal readers drawn froci a junior col^gge r 
center, who tested at the *st to 25th percentile. The 
was split into two sub-groups termed hypotensive or hy 
accorAjng to their behavior during reading, Physiologi 
col'lected during the reading process using a polygraph 
psychogalvanefecope. The data introduced evidence to th 
two opposing r^^pi^g behaviors ar^ evidently ^sociate 
term reading dysfunction* The first is a hypotensive r 
indicating a drop below the normal activation or arous 
for optimal processing of information, registration an 
occur. The other rea/Ction is one of hypertensiveness w 
arousal mediating sympathetic nervous system factors a 
into an alarm reaction, making it" equally difficult to 
external stimuli and information processing as during 
control gtoup exhibited ^ moderate range of emotions. 
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-PROBtfiM- 



The noWon that conditioned emotional states are able to 
interact wi\th reading performance facilitating or/ hampering 
that abiliW-has been explorecTbyNtgveral theorists for quite 



..lA" 



scaae time if) . ; >his stvi'dy was undertaken to measure 
emotional expression as mediated by the autonomic nervous 
system'^aring reading and during other tasks related to ^chool 
wotk, serving as a control. ^ 

Germane, then to this research is the notion that there 
' exists in each individual a range of values of nervous 

system activity associated with any information processing such 
as reading and if this range of values is subjected to 
negative reinforcement isy being associated with a series of 
- . ' punitive situations-, the|? the probability of thes^ neuro- j , 

logical 'and behavioral!' internal events will decline as much as 

••, \ " ' . 

is possible withih" the biological limits ,of the system or 
within the social limits that the individual has to deal vith. 
iLt is to say, not only will tlat person. who has been subjected 
■ to negative reinforcemei)t j^n relation to reading not read if 
at all possible, but wheli that individual ^oes engage in 
reading, the attention-arousal level that normally would occur 
will have a yalue higher or lower 'than if it had not been 

r 
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exposed to the same life situation of negative reinforce-. 



ment in coh^unctiOir^STith-readiny . 



ift Other fruxds, a form of biological foodback i s 



"hy pol Ifi& si^e dr^s'TTgyi^^ ^s fea" i . rlace rlurir)g--r-flading_fa.r all - 
groups. The disabled group having experienced threat to 
survival and negative feedback in conjunction with a certain 

'level or range of expressed ANS activity internally inte- 
grates and interprets that level of arousal or that 'state 
as part of the negative experience. The able reader group 
is hypothesized as having developed through winning during . 
reading, a positive attitude toward this task and has assoc- 
iated pleas;ire with the level of arousal centered around the 
information processing task of reading. 

^ Biological feedback procedures have for some'^time now . 
proven effective in altering certain biological rhythms 
thought previously to be immune to environmental manipulation 

■ -(2) , (3) / (4) . Given these previous findings, it was hypothe- 
sized that a form of biological feedback mechanism could- be 
operating in the classroom' in conjunction with reading per- 
formance, thus altering neurological events associated with 
positive or negative affect. 
Hypotheses 

1, If general nonspecif ically conditioned innate or 
hereditary arousal-attentional (AA) indices are interacting 
with dif f iculties ^n information processing, then differences 
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I betwe en groups should sliow up sor our mea 5 Uj:Lit; doios ^ the 
^--irp^rd, including rest periods* 



If general arousaX-attentional (AA) ixidic^es-rsiiow 
group separation only during tasks, then this would be 
considered 'evidence for situational specific conditioning of 
AA with general learning tasks. 

3. If AA diff erences^e significantly greater between 
'reading when compared with other tasks such as mental multi- 
plication and reproducing a simple figure, this would be 
•considered evidence for specific conditioning to reading 
perhaps generalizing outward to other tasks associated with 
classroom learning. | 

4. If specific conditioning has affected adrenergic , 
systems over cholinergic systems, then blood flow <BF) In the skin 
and he6rt fate differences between grfoups or between tasks ^ 

/should be more salient with BF showing the most effect due 

/to its "pure" adrenergic mediation. 

,5. If the effect lias been principally' mediat^d..through 
cholinergic systems, then galvanic skin pdnductahce response 
differences between .groups should be more, saliett and 

specific. ' 

6. If. general ANS responses simply as "affect", have 
been brought under control of environmental contingencies 
during reading, then all three of our measures should' covary^ 
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"between -groups^urj.ng..xe4tog-..-JrMt i^^^ responses should 
go up or down or remain static together. ' 

Physiological parameters associated with, orienti'ng; V 
attention, or information intake, have been shown <5) , (6) to 
be: lowered sensory thresholds, pupil dilation, mild 
cutaneous constriction (in the skin of -the hands), mild 
increases in conductance of the skin (increased galvanic skin 

.response) and increased heart rate fluctuation, with heart. 

■ rate increasing mildly. An^ autonomic nervous systera defense 
reaction has been defined (7), (|) , as a hypertensive or hypo- 
tensive r-eaction in relation to this mild activation assoc- 
iated with information processing. The hypertensive reaction 
is thus a massive pressor activation of the sympathetic . ^ 
nervous system while the hypotensive reaction is observed as% 
an inhibition. of sympathetic • tone insulting in extreme cases 
in fainting ( 9) . - . - ^ 



METHOD 



/ 



Dependent Variables . - •. * * . * 

Galvanic skin conductance responses, GSCR or GSR, i.e., .; 
either a monophasic fall in resisWe or'rise in cdnductance. . 



\ 



V 
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-of the paiiBu. Although innervated by sympathetic fibers, tne 
^-yangTnii-.f-ing agen-^; has been shown to be acetylcholine (lU) > 
Our second measure is heart rate inter beat intervals 
(IBX's/ the reciprocals of heart rates). Heart, rate has been 

*shoW to increase under sympathetic drive and decrease under 
.parasympathetic innervation ( 11 ) . 

Our third measure- is^ blood flow as finger pulse pressure. 
This measure of cutaneous-constriction-dilation of blood ^ 
vessels in the skin is recprded using* a photoplethysmograpli. 
This air^nsal indicator has been shown to be sympathetically 



innervatechand adrenergic {12j\ 

Indepe'ndeh^J/ariables ' * , 

. ^ Two .samples of iJie Minnesota Perceptual Form Board Test 
were reproduced by- each subject as Task 1 anS^2. 

The second stimulus wajs a multiplicfation task {3).jfihere 
each stibject was required, to multiply two-place numbers in 
their head ranging from easy, i.e., ten times ten to difficult 
i.e., 24 times 13,. and verbally - answe r. ' ' 

. The 4th, ■ 5th,.' and 6th tasks involved each subject in 
reading three excerpts from the" Gray Oral Reading Tesp ^^t^.^.^^, 
their reading level. O^hi^ wa p. grade four to^ rxiri^ f or the 
dysfunctional reading group and grade eleven to thirteen for 
the norm.grc|up. - . . 
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■g_ubjects_ 



Twenty-four subjects were tested. Sixteen abnormal 
readers dxawn from the remedial reading center at De Anza 
Junior/college, Cupertino, California, reading from the- 
firstto the twenty-fifth percentile on the Davis Reading 
Tj/st Form 1-A were tested. Eight- normal readers drawn _ 
from the general population reading above thfe forty-,^ix 
percentile were used as a control group. The abnormal - 
reading group was split into two sub-groups termed hypo- 
tensive or hypertensive according to thei^r behavior , i.e.,, 
quiet, placid, passiv.e, etc., def ined^em a's hypotensive 
along with a dilational response for 'cutaneous cojistriction 
BF prior to and during reading; the hypertensive group 
exhibited extreme nervousness, hyperkinetic behavior > etc., 
and exhibited cufaneous constriction prior^ to. ,and durp.ng> 
residing in sharp contrast to the hypo,group. , Normals were not 
segregated and were drawn at random. 

Procedure , ... 

-Subjects were run in an open laboratory setting at a 
large table facing away from the apparatus. All electrodes 
and the photo pick-up for finger pulse pressure B^" were 
attached to the non-writing hand of each subject. Subjects 
were run randomly alternating "between abnormal and normal , 
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" Stimuli wererH ^troduced in the following orde^ 

— ' • — 



-p&rcepfeua- l-^hotor-djawLn g "J^tf ^^w p■t_fchg|LI rest:, then 



mental multiplication, ^st, read one (easiest reading).,,^ time 
out, read two, time out, read three (t1?e most difficul\t 
reading) . A rest period followed the run. Physiological - 

3 

dfiita was collected continuously. K 
Apparatus 

A Grass Model 8 four-channel polygraph interfaced with „ 
a Narco^Bio-Systems, Inc., Solid-State Channe^l, Amplifier 
Type 7070 with photoelectric pulse pickup was utilized in 
collecting heart rate and blood flow in each s.. A Stoelting's 
psychogalvanoscope Cat. No. 24?06 with' digital readout *dial 
was used in collecting galvanic skin responses. • 3^ 

RESULTS • 

Table. I presents the result of the Kruskaljwallis one-way 
' analysis of variance by ranks- on these data. This test allocs 
u&-t& ''decide if these response samples categorized as hypo- _ 
tensiJe, hypertensive, or normal under diff erent' treatnients, 
i.e., resting, perceptual motor treatment, mental multi-plication 

and duLing reading, come from the same populat/ion with respect 

■ . " ■ ' • ■ . / • ' X 

to the^ measured character is1:ic, i.e., finger /pulse pressurf, 

_ • . ■ ^ , 

t\eart rate, and galvanic skin response. 



^ ; Insert Table I About Here 
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tasks including t^ie pre- task rest level. The test statistic 
H talking the chi squ^re^ distribution must be* at or above 5.99 
for significance at the .05 level or 9.21 for significance 
at the .01 level. Tly.s -is*' for two degrees of freedom which 
we have in forming th^ree groups. 

The fol'lowing table lists values of H for FPP, HR, and 
6SR unde^ the experimental circumstances*" we have imposed. ^ 
As can be seen,' there is no evidence for a difference 
e^ween groups showing up ^during the pre- tasks rest .period. 

X 

Original base resistance differences between groups were 

computed to ascertain 4f the base level of resistance matched 

, ^ . / 

by our internal' bridge network to aciiieve zero phasic^ 

coTiductance was ' significantly diffetent between these groups. 

Response differences between groups during perceptual 

: i • , 

motor 2 (the simple drawling task, eliciting the most ANS 

activity) also proved nonsignificant. /* 

1 ^ " * 

During mental multiplicafcioji HR and FPP differences 

proved to b^ nonsignificant between groups; however, GSR does 

show up' as a highly significant difference during this task. 

FPP ^4 GSR both show up as significantly different / 

betweeh groups during this reading period. llR/ however, is 
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nonsigni ficant during^this 'firs t reading-^- 



All three measures/ intxoduce evidence for [a significant , ,^ 
difference between groups during the second, reading peri9d. , 
H for all three measures shows up as significantly different . - 
below the.. 01 level. ^. » 

During the third and most difficult reading task all 
"three measures show a significant difference between groups; 
however, heart rate drops somewhat in its significance level. 




r 
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TABLE RESULTS I 



IL^S I> 



7 



^Resting prior to tasks: HR:' H =/ 2,00 NS , 
• . GSR: ' H 3.32 US • 



FPP: ' H/= 4.76 NS 



•Perde^tual- Motor 2; 

to 



HR: n = 2.57 NS 
GSR: H 1.80 N 
i-PP:' H = 1.20 NS 




L 



Mental Multiplication: 



: ! y 

< 

HR: H = 3.25 NS 

GSR: }i = 12.28 Sig. below' .01 

FPP: H « .90 NS 



Read 1: 



'hR: H = 2.26 NS 
.dSR: H = 15..48 Sig., below ;'01 
FPP,: \H\^= 9.3.3 $iq, below .01 



Read 2: 



HR: H .= 22 Sig. below .0*1 . 
GSR: H =» 16,36 Sign, below .0^ 
FPP: H = 14.6^ Sig. , below' .01 



Read 2t% 



I- ■ 
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HRj H'« 10 Sig* below .01 

'gSR: H = 13.52 Sig* below .01 

FPPt H » 13^ Sig,' iaelbw ,0i 

12 . 
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Figure I Inserts/Figure above here. 

D^^Jta preseryted above is from the cutaneous constriction 

measure of finger pulse prg&sure for all groups across the 

; \ * • ' . * , 

tasks resting, perceptual motor one, perceptual motor twO/ 
*». 

mental -multiplication, and the three reading periods. The 
mos/t difficult being the thirds. As can be seen, the greatest 
se]^aration betweenV^o^PS is during readipg with the third 



icitiW'-th'^ greatest 



greatest hypotensive or hy^)er- 



reading^ask eliciti 

tinsive effect in the abnormal rekding groat^sT^ 
* 

Figure II Insert Figure II above here. 

Data pr^setited above is from the galvaniS skin response 
measure for all groups across the tasks r^^M^rig, perceptual 
motor one, . perceptual motor two, mental multipri^ation, and 
the three jading periods. The most difficult 
third.* This response measure presents evidence for unr 



response of hyper GSR for the abnormal group when coi^ared 



. Tb} 



hypotensive 





with the^norm group from the math task on 
group is actually showing more overall activation on this ' 
o^iQiiji^gically mediated galvanic skin response than the harper 
group in sharp contrast to their behavior on the adrenergically 
mediated cutaneous constriction FPP response category. 
Figure III Insert Figure III above here. 1 ^ _ 



Data presented above is from the heart rate measure for 
all groups across the* tasks resting, perceptual motor one. 




\ 
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perceptual motor two, mental multiplication, and the three * 
reading periods. The mo;^t difficult being the third. , T^je 

♦ 

most massive defence .or alarm reaction during reading is 
exhibited by the hyper^ group present^d'^iji^this figure during, 
reading their heart rite their accelerates to an upper limit 

of 110 beats per minnte BPH. The hypo group exhibits a"re^ 

« 

bound" during the first re&dirig showing a switch-over to 

parasympathetic enervation , or an inhibitlbn of sympathetic 

driive or the depletion of adrenergic neurotransmitters assoc-/ 

iai:ed with accelerating heart rate. The norm group exhibits/a 

mild actiya.tion of, heart' rate, placing it between both hypo ^nd 

hy^er ^groups across tiasks, but pirticularly during reading 

pdrformanc^. Inter -beat intervals are presented herg^as the 

aiount of kistahce between heart beat3--in millimeters, so 

It ■ ... 

t^iat heart rate acceleration is toward the bottom of this 

fj.gure. i j ' , ■ 

' 5he- J^ollowing three/figures (4;. 5, 6> 'present individual 
data on one subject reprjbsentative of each of the groups 
(hypo, hyper, norm). Ori the ordinate ^xes of these fijrures 
are presented values fot; finger jiulse pressure^ hea^t irate 
in millimeters ,with actiivation, airousal or sympathetic hyper- 
activity going- toward the top. of the figure, Galvani^skin 
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responses are presented in arbitrary units of phasic up-down 
conductance able to vary on our scale betwee;i -3,0 'and +35 
units. This allows a portrayal of the goipg-togeth^mess 
of these three autonomic nervous system variables for each 
^subject across the rest period and_ taska-. 
Figure IV Insert Figure lV*above here. 

This figure presents data on. one nominal subject (GF) , 
All values pl6tted are in the irdd-range Indicating mild 
arousal across tasks with considerable fluctuation showing 
interaction between activating and deactivating forces in 

1 

the syprathetic pervous system. • Duri-ng reading periods 
there is a definite, predictable ^mild activation on these 
three variables, and in particular for fiftger pulse- pres- 
sure associated v;ith reading per€ormance in this subject. . ^ 
FicTure V Insert Figure V above here. 

Data is presented her§ on brie hypo subject (CT) . This ^ 
• figure, in sharp contrast to the previous one, shows a.dram- 
^ atic absence of sympathetic drive^ activating cutaneous con- 
striction, heart rate and to some extent galvanic skin tes- 

• »* * 

ponse. This subQeqt, reading af the 9th percentile rank, 
exhibits a very ^'lat Response pattern, from t^e math task on, 
j.n particular, . " , 
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Piqure.VI Insert Figure VI above here. 

-Data on one hyper subject (BY) is presented. This figure 
sho^)^ a definite -predictable hyper autonomic nervous system 
activity associated with reading. ' Of . particular note is the 
hyper-activation of adrenergically mediated cutaneous con- 
striction and heart rate. Thi;< response^ drop- down duting 
the time-out periods being activated .as a predictable coa- 
ditioned effect during reading. Galvanic skin response re- 
mains, in general, from the first readiJlg on at tjie upper . . 
limit of its scale. 

y DISCUSSION / . *. 

Hypothesis 1 

' ■ No support is gi'ven to the hys^'t^^esis that inate, or' 

hereditary/ autonomic"%erv6us sya^m-'dif ferences are respon- 

"sible fSr abnormal ANS responseWuring reading. Although 

some differences were <=ound betj/een groups in resting FPP 

values these proved nonsignificant.' • 

Hvpothisis 2 - . . * . 

iome/ evidence has been introduced-- for a general situa- 

jf 4 / • . 

tionJl difference between groups for tasks' including -read- . 
ihg but also other- than reading, i.e. a- significant differ- 
encJ for GSR during mental multiplication. 



' Page 16 

Psychophysiological Corr, 



However, FPP and hear^ rate were nonsignificant between groups 
except during the reading periods. 
Hypothesis 3 

Evidence is introduced for a specific conditioning of 
these abnormal (in this context) ANS responses to reading 
aeneralizing outward to other tasks, ' ^ ^ ^ 

Hypothesis 4 * 

. Adreneraic syst^/ i,e, FPP and HR^> -show . the most spec- 
ific bi-phasic conditioning effec^^ That is to say, hypo and 
hyper groups place above and beloW the norm group on these 
two measures. 
Hypothesis 5 

The cholinergic^y mediated GSR shows a diffuse hyper- 
reactive pattern for both' dysfunctional reading groups. 
However, the pattern of this^ hyperalctivity is unidirection- 
al, that is, both dysfunctional groups place above the norm 
group. T"h±5-Tneans that for the hypo group, there is exhibiteid. 
a split' between .the adrenergically mediated cutaneous con- 
striction response category and the cholinergic^ly mediated 
GSR. Heart rate tends to follow GSR during reMing; however, 
for the group as a whole during Read 1, there is ^rebound , 
effect shcJwing the possibility of heart rate following or drop 
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ping out with the absence of cutaneous constriction • 

These data introduce' evidence to the effect that two 
opposing^ coping behaviors are evidentally associated with 
long term., reading. dysfunction. The first is a hypotensive 
reaction indicating a drop below the norihal activation or 
arousal necessary for optima J. processing of information, 
registration and storage to occur. The other reaction is 
one of hypertensivdness vwjiere all arousal mediatiag sympa- 
thetic nervous system factors are activated into an alajrm 
reaction, making it equally difficult to attend to external 
^imuli and information processing as during ^reading* 

These data introduce evidence -whereby noradrenaline 
in^hyper or hypo* amounts within the peripheral nervous sys* 
teni is associated with long term reading dystjffiX>ti:on. 
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